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The title compound, C 31 H4 g N 2 03, is a Beckmann rearrange- 
ment product. The isopropenyl and methoxycarbonyl groups 
have /j-orientations, whereas the 2-cyanoethyl group has an a- 
orientation. In the triterpenoid skeleton, the seven-membered 
lactam ring, as well as the three six-membered carbocyclic 
rings, have chair conformations. In the crystal, molecules are 
linked via nonclassical C— H- ■ O hydrogen bonds into layers 
parallel to the ab plane. 



ii = 0.59 mnC 1 
T = 293 K 

Data collection 

Kuma Diffraction KM-4 
diffractometer 

Absorption correction: xfr scan 
(North etal, 1968) 
T min = 0.830, r maI = 0.929 

5219 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.039 

wR(F 2 ) = 0.112 

S = 1.07 

5045 reflections 

337 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



0.45 x 0.20 x 0.12 mm 



5045 independent reflections 
4815 reflections with I > 2cr(/) 
R iM = 0.038 

2 standard reflections every 100 
reflections 
intensity decay: 2% 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.19 e A~ 3 

A/W = -0.18 e A~ 3 

Absolute structure: Flack (1983), 
2248 Friedel pairs 

Flack parameter: 0.0 (2) 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C15-H15B-02 1 


0.97 


2.57 


3.508 (3) 


163 


C31-H31B-01" 


0.96 


2.43 


3.357 (3) 


163 


Symmetry codes: (i) x — 


l,y, z;(ii) x,y- 


l,z. 







Data collection: KM-4 Software (Kuma Diffraction, 1996); cell 
refinement: KM-4 Software; data reduction: KM-4 Software 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); soft- 
ware used to prepare material for publication: WinGX (Farrugia 
1999), PLATON (Spek, 2009) and enCIFer (Allen et ah, 2004). 



Related literature 

For ring-puckering parameters, see: Cremer & Pople (1975). 
For a related structure, see: Froelich & Gzella (2010). For 
bond-length data, see: Allen et al. (1987). For related literature 
on the Beckmann rearrangement reaction, see: Bednarczyk- 
Cwynar (2006). 




Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FJ2500). 
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Experimental 

Crystal data 

Q,H 48 N 2 0 3 
M, = 496.71 
Monoclinic, P2, 
a = 6.8549 (10) A 
b = 11.711 (2) A 



c = 17.356 (3) A 
P = 91.607 (13)° 
V = 1392.7 (4) A 3 
Z = 2 

Cu Ka radiation 



o532 Froelich et a/. 
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3-Cyano-ll-oxo-3,4-seco-12a-aza-C-homoolean-4(23)-en-28-oic acid methyl ester 
A. Froelich, B. Bednarczyk-Cwynar and A. K. Gzella 

Comment 

The title compound was obtained from 3, 12-dioxo- 1 8/?-olean-28-oic acid methyl ester as a product of the two-step synthesis. 
In the first step the diketone derivative mentioned above undergone the condensation with hydroxylamine hydrochloride 
to give the oxime derivative as a product. The latter reacted with POCI3 (Beckmann rearrangement reaction) (Bednarczyk- 
Cwynar, 2006). The results of the X-ray analysis showed that the final product is 3-cyano-ll-oxo-3,4-seco-12a-aza-C-ho- 
moolean-4(23)-en-28-oic acid methyl ester, (I), (Fig. 1). Molecular structure obtained in the course of the X-ray investigation 
showed that oxime derivative formation and Beckmann rearrangement reaction took place within two triterpenoid rings, i.e. 
A and C. In ring C Beckmann rearrangement reaction took place while in ring A Beckmann fragmentation was observed. 

As a result of Beckmann fragmentation C3 — C4 bond cleavage and ring A opening were observed. In this process two 
new functions were formed. In CIO position 2-cyanoethyl group is observed. It reveals a-configuration and comprises of 
atoms CI, C2 and C3 of the original ring A. The linear fragment of this group consisting of atoms C2, C3 and Nl reveals 
conformation halfway between anticlinal and antiperiplanar (+acl+ap) with respect to the CI — CIO bond [torsion angle 
C3— C2— CI— CIO: 162.75 (17)°]. The CI— C2 bond is anticlinal (-ac) with respect to C5— CIO bond belonging to ring B 
[torsion angle C2 — CI — CIO — C25: 174.38 (15)°]. The other function formed as the result of the cleavage of ring A consists 
of atoms C4, C23 and C24. They form almost planar group (r.m.s. = 0.012 A) along with C5 atom belonging to ring B. The 
dihedral angle between the mean plane of the new group and the least-squares plane of ring B is 67.10 (8)°. The C4=C23 
double bond in isopropenyl residue reveals conformation halfway between synclinal and anticlinal (+sc/+ac) [torsion angle 
C23 — C4 — C5 — C10: 93.3 (2)°]. The angular orientation of isopropenyl group described above is most probably caused 
by the sterical hindrance created by the cyanoethyl group. 

The axial methyl group C25 adopts /^-orientation while hydrogen atom in C5 position reveals a-orientation. Thus, both 
of these substituents retain the orientation observed in oleanolic acid molecules (Froelich & Gzella, 2010). 

In the molecule of (I) the original six-membered carbocyclic ring C has been transformed into the seven-membered 
lactam ring in which nitrogen atom connects carbonyl group (C12=01) and tertiary carbon atom C13. 

The C12 — N2 bond distance of 1.338 (2) A is comparable with the normal length of the single (C* — )NH — C(=0) bond 
in secondary amide which is 1.334 (1) A (Allen et at, 1987). 

Seven-membered lactam ring adopts chair conformation {Cremer & Pople (1975) parameters: Q(2) = 0.388 (2) A, Q(3) 
= 0.695 (2) A, tp(2) = 319.8 (3)°, <p(3) = 282.53 (15)°}, as well as six-membered rings B, D and£. 

Rings BIC and CID are trans-fused [the dihedral angles 16.63 (10) and 19.07 (10)°, respectively], while rings DIE are 
cw-fused [the dihedral angle 56.69 (7)°] 
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The planar ester group in C17 is attached axially to ring D and equatorially to ring E. Its carbonyl (C28=02) group is 
synperiplanar (sp) with respect to C17 — C18 bond belonging to both D and E rings [torsion angle C18 — C17 — C28 — 02: 
-6.5 (3)°]. 

In the crystal lattice of (I) molecules are linked by nonclasical hydrogen bonds C15 — H15B-02 1 and C3 1 — H31B— Ol 11 
(Tab. 1, Fig. 2) into layers parallel to the ab plane. 

In the molecule of (I) fourteen short H - H contacts are observed. The distances between related hydrogen atoms lie 
within the range of 1.92 - 2.20 A. The short contacts are mainly the consequence of the presence of axial methyl groups 
C25, C26 and C27. 

Experimental 

The title compound was synthesized according to the procedure described by Bednarczyk-Cwynar (2006) and dissolved 
in hot ethanol. The solution was set aside to crystallize at room temperature. After a week block-shaped colourless single 
crystals suitable for X-ray experiments were obtained. 

Refinement 

Except for the amide H atom which was refined freely the remaining H atoms were placed in the idealized positions and 
were refined within the riding model approximation: C met h y i — H = 0.96 A, C met hyiene — H = 0-97 A, C met hine — H = 0-98 

A, C(sp 2 ) — H = 0.93 A; t/ iso (H) = 1.2f/ eq (C) or 1.5f/ eq (C) for methyl H. The methyl groups were refined as rigid groups 
which were allowed to rotate. 



Figures 




Fig. 1 . The molecular structure of (I) showing the atomic labelling scheme. Non-H atoms are 
drawn as 30% probability displacement ellipsoids; H atoms are shown as small spheres of ar- 
bitrary radius. 



Fig. 2. The hydrogen bonding (dotted lines) in the title structure. Symmetry codes: (i) -1 + x, 
y, z; (ii) x, -1 +y, z. The H atoms have been ommitted for clarity. 
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3-Cyano-1 1 -oxo-3,4-seco-1 2a-aza-C-homoolean-4(23)-en-28-oic acid methyl ester 



Crystal data 
C 3 iH 4 8N 2 0 3 
M r = 496.71 
Monoclinic, P2\ 
Hall symbol: P 2yb 
a = 6.8549 (10) A 
b= 11.711 (2) A 
c= 17.356 (3) A 
(3 = 91.607 (13)° 

F= 1392.7 (4) A 3 

2 = 2 

Data collection 

Kuma Diffraction KM-4 
diffractometer 

Radiation source: fine-focus sealed tube, Kuma Dif- 
fraction 

graphite 

co-29 scans 

Absorption correction: \f scan 
(North etal, 1968) 
r min = 0.830, T max = 0.929 
52 1 9 measured reflections 
5045 independent reflections 

Refinement 
Refinement on F 2 
Least-squares matrix: full 

R[F 2 > 2o(F 2 )} = 0.039 

wR(F 2 ) = 0.112 

S = 1.07 

5045 reflections 

337 parameters 
1 restraint 

Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 



^(000) = 544 

D x = 1.184 MgnT 3 

Melting point = 532-535 K 

Cu Ka radiation, X = 1 .54 1 78 A 

Cell parameters from 45 reflections 

6= 15.5-28.6° 

H = 0.59 mnT 1 

7=293 K 

Block, colourless 

0.45 x 0.20 x 0.12 mm 



48 1 5 reflections with / > 2c(i) 
R int = 0.038 

9max = 70.2°, 0 m ; n = 2.6° 
h = -8^8 

fc = -14-»14 

Z=0^21 

2 standard reflections every 100 reflections 
intensity decay: 2% 



Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[a 2 (F 2 ) + (0.0684P) 2 + 0.1756P] 
where P = (F D 2 + 2F 2 )/3 
(A/o) max < 0.001 
Ap ma x = 0.19eA- 3 
Ap mi „ = -0.18eA" 3 

Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc [ 1 +0 .00 1 xFc V/sin(26)] " 1/4 
Extinction coefficient: 0.0184 (10) 

Absolute structure: Flack (1983), 2248 Friedel pairs 

Flack parameter: 0.0 (2) 
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Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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H31B 0.3353 0.0786 0.7351 0.113* 

H31C 0.3022 0.1746 0.7964 0.113* 



Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 

01— C12 1.219(2) C15— H15B 0.9700 

02— C28 1.196 (3) C16— C17 1.527 (3) 

03— C28 1.331 (2) C16— H16A 0.9700 
03— C31 1.435 (3) C16— H16B 0.9700 
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C2 1 — C22 — H22 A 


1 no /; 
lUo.O 


PII PII TJ11 A 

C 1 / — C22 — H22 A 


1 no c 
lUo.O 


pii pii unn 
C2 1 — C22 — H22B 


1 no /; 
lUo.O 


pii pii uitd 
C 1 / — C22 — H22B 


1 no /; 
lUo.O 


mi a pii mir> 
H22A — C22 — H22B 


1 n"7 /: 
1U/.0 


p/i pn mi a 
C4 C2 3 — H2 3 A 


1 in n 
12U.U 


p/i pn mir> 
C4 C23 — H23B 


1 in n 
12U.U 


mi a pn mio 
H23A — C23 — H23B 


1 in n 
12U.U 


P/1 PI a m A A 

C4 C24 H24A 


1 nn c 

iuy.5 


P/I PII TTTylD 

C4 C24 H24B 


1 nn c 

iuy.5 


m/i a pi/i m/io 
H24A — C24 H24B 


1 nn c 

iuy.5 


p/i pi/i m/ip 
C4 C24 H24C 


1 nn c 

iuy.5 


m/i a pi/i m/ip 
H24A — C24 H24C 


1 nn c 

iuy.5 


U1/1T3 PI/I m/ip 

H24B — C24 — H24C 


1 nn c 

iuy.5 


pin PIC mc A 

C 1 U — C25 — H25 A 


1 nn c 

iuy.5 


pin pic mco 
CIU — C25 — H25B 


1 nn c 

iuy.5 


mcA pic mcr> 
H25A — C25 — H25B 


1 nn c 

iuy.5 


pin pic mcp 
CIU — C25 — H25C 


1 nn c 

iuy.5 


mcA pic mcp 
H25A — C25 — H25C 


1 nn c 

iuy.5 


H25B— C25— H25C 


109.5 


C8— C26— H26A 


109.5 


C8— C26— H26B 


109.5 


H26A— C26— H26B 


109.5 


C8— C26— H26C 


109.5 


H26A— C26— H26C 


109.5 
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PO f 1 I TT1 1 A 

Cy — Cll — H11A 


1 AO O 

lUo.o 


oo /CD pi/; m/cp 
H20B — C20 — H20C 


1 AA C 

iuy.3 


C12 — Cll — HI IB 


1 AO O 

lUo.o 


P 1 /l PT7 un A 

C 1 4 — C2 / — H2 / A 


1 AA C 

iuy.3 


pn n 1 in i n 
CV — Cll — rll IB 


1 no o 
lUo.o 


p 1 /i PT7 i mo 
C 1 4 — C2 / — H2 /B 


1 AA C 

iuy.3 


I I 1 1 A p 1 1 I I 1 1 T) 

rll 1 A — CI 1 — HI IB 


1U /. / 


I I "> "7 A PT7 I I ~) "71) 

H2 /A — C2 / — H2 /B 


1 AO ^ 

iuy.3 


<J1 — C12 — JN2 


m /■'> pi o\ 
1Z1 .OZ (lo) 


p 1 a PT7 i mp 
C 1 4 — C2 / — H2 / C 


1 AA C 

iuy.3 


p. 1 rn n i 
<J 1 — C 1 2 — C 1 1 


121.43 (1 /) 


I I ~) "7 * PT7 TJT7P 

H2 / A — C2 / — H2 /C 


1 AA C 

iuy.3 


JNZ — C 1 Z — C 1 1 


110. V4 (10) 


i mo PT7 i n h ( ■ 

H2 /B — C2 / — H2 /C 


1 AA C 

iuy.3 


\n pi i pig 
JNZ — CI 3 — CI o 


i pi c n*7 ( 1 1 \ 
lU3.y / (13) 


P.T PtO P»1 

U2 — C2 o — U3 


ni 1 

122.1 (2) 


XTO PI 1 P 1 1 /] 

JNZ — C 1 3 — C 1 4 


11/1 n/i (\ i\ 
1 14.U4 (13) 


( pin PH 

U2 — C2o — CI / 


1 T/C AT /I 0\ 

120. U2 (lo) 


pi o pi Q PI/1 

Clo — C13 — C14 


110 A A CI 1\ 

110.44 (13) 


pto p| 7 

U3 — C2o — CI / 


111 OA C\ *7\ 

11 l.oU (1 /) 


\n p 1 i iii! 

JNZ — C 1 3 — H 1 3 


1 nc o 
1U3.0 


pop, p^n 1 1 ->n a 
C2U — C2y — H2VA 


1 AA C 

iuy.3 


pi O pi O I T 1 1 

Clo — C13 — H13 


1 AC O 

1U3.0 


pta pin 1 1 ">n d 
C2U — C2V — H2yB 


1 AA C 

iuy.3 


pi A pi 1 Ull 

C14 — C13 — H13 


1 AC O 

1U3.0 


inn a pin x i "> ni) 

H2 V A — C 2 y — H2 V B 


1 AA C 

iuy.3 


PT7 P 1 A pi C 

CZ / — C 1 4 — C 1 3 


1 AO £C / 1 C\ 

lUo.03 (ID) 


pin pip. i niip 

C2U — C2y — H2yC 


1 AA C 

iuy.3 


PT7 pi yl pi 1 

CZ / — C 1 4 — C 1 3 


1 AO A1 n c\ 

1U0.V3 (13) 


1 1 ->n a pin i nup 

H2 V A — C 2 y — H2 y C 


1 AA C 

iuy.3 


pi c pi /i pii 
CI J — C14 — CI 3 


1AO /II / 1 1 \ 

lUo.43 (13) 


TjinD pm i niip 

H2yB — C2y — H2yc 


1 AA C 

iuy.3 


PT7 P 1 /I PO 

CZ / — C 1 4 — Co 


111 CC C\ 1\ 

111.33 (13) 


pm pin tjia a 
C2U — C3U — H3UA 


1 AA C 

iuy.3 


pi f pi /| po 

C13 — C14 — Co 


1 A*7 1 O C\ A\ 

1U /.lo (14) 


Pin pin i nno 
C2U — C3U — H3UB 


1 AA C 

iuy.3 


P11 pi A PO 

C13 — C14 — Co 


111 AO f\ T\ 

in.yo (12) 


rri a a pi a in piD 
H3UA — C3U — H3UB 


1 AA C 

iuy.3 


pi/T pi f pi /| 

Clo — CI j — C14 


1 1 C A *7 /1 £\ 

113.4 / (10) 


p~i i a pm mAP 
C2U — C3U — H3UC 


1 AA C 

iuy.3 


pi / PIC UK A 

Clo — C 1 j — H 1 jA 


1 AO /I 

lUo.4 


tjiaa pin tjiap 
H3UA — C3U — H3UC 


1 AA C 

iuy.3 


p 1 1 PIC U1CA 

C 1 4 — C 1 J — H 1 j A 


1 A O A 

lUo.4 


rri AO pi a 1 1 1 ap 
H3UB — C3U — H3UC 


1 AA C 

iuy.3 


pi/r pi f TJ I CD 

Clo — C13 — H13B 


1 AO A 

lUo.4 


r\i pi 1 in 1 a 
U3 — C31 — H31A 


1 AA C 

iuy.3 


V 1 *r V 1 J 1 1 1JD 


1 0R 4 


\Jj v -) 1 1 1 ID 


1 \Jy . J 


H15A — C15 — H15B 


107.5 


H31A — C31 — H31B 


109.5 


C15 — C16 — C17 


111.78 (15) 


03 — C31 — H31C 


109.5 


C15 — C16 — H16A 


109.3 


H31A — C31 — H31C 


109.5 


C17 — C16 — H16A 


109.3 


H31B — C31 — H31C 


109.5 


C15 — C16 — H16B 


109.3 






pin pi pi pi 

C 1 U — C 1 — Lz — C.5 


1 £1 "7C ( 1 T\ 


po£ pq pi/1 rn 
C20 — Co — C 1 H C2 / 


1 ~7c cc ( \ c^ 
1 /5.55 (15) 


pyl pc P£ 

C2.5 — C4 — C5 — Co 


1 1 n 1 /"l\ 
— ljy.l (2) 


P"7 PO PI a pn 

C / — C8 — C 1 4 — C2 / 


CO O/l /io\ 

5o.o4 (lo) 


PTJ P/l PC P£ 

C24 — C4 — C5 — Co 


3 / .U (2) 


pn PO PI A PIT 

Cy — C8 — C 1 4 — C2 / 


/:n c/; /1 "7\ 
-6U.56 (1 /) 


PT-i p,i pc nn 
Cz j — C4 — CD — C 1 0 


y3.3 (2) 


Pl/T PO PI A PI C 

C26 — C8 — C 1 4 — C 1 5 


c/; "71 /I "7\ 

56. 15 (1 /) 


pi a p a pc nin 
C24 — C4 — CD — C 1 U 


nn /C /"l\ 
-yU.O (2) 


P"7 PO P 1 A P1C 

C / — C8 — C 1 4 — C 1 5 


cn no ^1 /;\ 
-5y.yo (16) 


p/i pc p/; p~7 
C4 — C J — Co — C / 


1 /; c oo z' i \ 
165.00 (14) 


Pf> PO P 1 A PI C 

cy — C 8 — C 1 4 — C 1 5 


1 "7n i o { 1 1\ 
— 1 /y.38 (13) 


pin pc p/; p~7 
C 1 0 — CD — Co — c / 


/;i o/i / 1 o\ 
— 0j.o4 (lo) 


pi.: PO P 1 A P 1 1 

C26 — C8 — C 1 <\ C 1 5 


/;"> n/; /1 "7\ 
— 62.U6 (1 /) 


pc p/; p~7 po 
C5 — Co — C / — Co 


62. U (2) 


P"7 PO P 1 A PIT 

C / — C8 — C 1 4 — C 1 i 


1 "70 "7"7 { 1 A\ 
— 1 /0. / / (14) 


p*; f ' i rc pi£ 
CO — C / — Co — C20 


71 1 Q ( 1 Q~\ 

/i.iy (iy) 


PQ PO P 1 A P 1 1 

cy — Co — C 1 4 — C 1 i 


01. oi (10) 


p/; n po rn 
Co — C / — Co — CV 


a o cc / 1 n\ 

—40.55 (iy) 


PT7 P 1 A P1C PU 

C2 / — C 14 — C 1 5 — C 1 6 


/3.U6 (iy) 


p/: p~7 po n a 
Co — C / — Co — C 1 4 


-loy.4 / (14) 


P11 Pld P1C pu 

C13 — C14 — C15 — C16 


A C 1 /">\ 

-45.2 (2) 


pi/: po rn n 1 
C26 — Co — CV — C 1 1 


ZA C7 SI 0\ 

54.52 (lo) 


PO P 1 A PIC P1£ 

C8 — C 1 4 C 1 5 — C 1 6 


-166.26 (14) 


p~7 po rn n 1 

c / — Co — cy — c 1 1 


1"71 CC/1/1\ 

1 /1. 55 (14) 


pn pic pu pn 
C14 — C15 — C16 — CI / 


CO "7 l n )\ 

58. / (2) 


pi a po pn pi i 

c 1 4 — Co — cy — C 1 1 


-oy.2y (10) 


pic pu pn pio 
C15 — C16 — CI / — C2o 


COO 

5o.o (2) 


PT/ PO PO P1A 

C26 — Co — cy — C 1 0 


"7/1 c~7 / 1 ^^ 

-74.57 (17) 


pic P1/; pn pio 

C15 — C16 — C17 — C18 


-61.5 (2) 


C7— C8— C9— CIO 


42.47 (19) 


CI 5— CI 6— CI 7— C22 


175.26 (17) 


C 1 4 — C8 — C9 — C 1 0 


161.63 (13) 


C28— C17— C18— C19 


162.91 (16) 


C2— CI— CIO— C25 


174.38 (15) 


C16— C17— C18— C19 


-76.3 (2) 


C2— CI— CIO— C5 


-67.07 (19) 


C22— CI 7— CI 8— C19 


47.6 (2) 


C2— CI— CIO— C9 


51.9(2) 


C28— CI 7— CI 8— C13 


-65.79 (18) 
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p^i pc nfi nr 
C4 — CD — C 1 U — C2D 


c/: o /n 
56. 0 (2) 


pit pn pio pn 
Clo — CI / — Clo — C13 




CCA 
33. U (Z) 


p/: pc nn nr 
Co — CD — C 1 U — C2D 


n 1 1 0\ 

— /2. 2o (lo) 


P77 P 1 "7 PIO P 1 1 

C22 — C 1 / — C 1 0 — C 1 3 




1 *70 n 1 ( 1 c\ 
1 /o.y 1 (1 3) 


p/i pc nn p 1 
C4 — CD — C 1 U — C 1 


CO 1 

-Do.l (2) 


\n pn pio pin 
JN2 — C13 — Clo — C19 




— 4o.V (Z) 


r^c n/i p 1 
Co — Lj — C 1 U — C 1 


1 "77 01 f 1 A\ 

1 /2.03 (14) 


C14 — C13 — Clo — ciy 




oU. / (Z) 


p^i pc nn pn 

C4 — CD — C 1 u — C9 


1 77 nc / 1 c\ 
— 1 / /.UD (ID) 


\n pn pio pn 
JN2 — C13 — Clo — CI / 




-1 / /.43 (14) 


P£ pc f^o 

Co — cj — c i u — cy 


ci ni i h\ 
Ji.yi (11) 


pi i pn pio pn 
C14 C13 — Clo — CI / 




—4 /.y (Z J 


pi i pn pin Pic 

ci i — cy — ciu — C2D 


C7 1 7 1 1 0\ 

— D2.1 / (lo) 


pn pio pin pin 
C 1 / — C 1 0 — C 1 y — C2U 




—33. 4 (2) 


r^o r^o n/i pic 
Co — Cy — C 1 U — C2 J 


70 11 ri o\ 
/o.ll (lo) 


pn pio pin pin 

C 1 3 — C 1 o — C 1 y — C2U 




1 /o.Uy (10) 


pi 1 pn pin pi 

ci i — cy — ciu — ci 


/:/i cc /"1 n\ 
64. DD (1 /) 


pio pin pin pn 
C 1 0 — C 1 y — C2U — C2 1 




C*7 O /")\ 

3 /.o (Z) 


pn pn pin pi 

Co — cy — c i u — c i 


1 /: c 10 /11\ 
-IbD.lO (13) 


pio pin pin pm 
C 1 0 — C 1 y — C2U — C3U 




— 04.Z (3) 


pii pn pm pc 

ci i — cy — ciu — cd 


1 7/: to f 1 1\ 
-1 /6.20 (13) 


pio pin pin pin 

c i o — c i y — C2u — C2y 




1 /D.O (Z) 


po pn pin pc 

Co — cy — c i u — cd 


/i /; nn /■ 1 o\ 
— 40. UU (lo) 


pm pm pn pn 
C3U — C2U — C2 1 — C22 




00. y (3) 


po pn P11 pit 

Co — cy — c 1 1 — c 1 2 


OO 77 / 1 7\ 
00. /2 (1 /) 


pm pm pti pn 
C2y — C2U — C2 1 — C22 




— 1 /3.3 (Z) 


pin pn P11 pn 
CIU — Cy — Cll — C12 


m n / 1 c\ 
— 13 1 .52 (ID) 


pin pm pn pn 
C 1 y — C2U — C2 1 — C22 




-55.7 (3) 


P 1 1 "\T1 P| 1 p. 1 

C 1 3 — JN 2 — C 1 2 — U 1 


1 T1 1 /"1\ 

1 /2.1 (2) 


pm pn pn pn 
C2U — C21 — C22 — CI / 




33.0 (3) 


pii MO PIT P11 

C13 — JN2 — C12 — Cll 


-9.2 (3) 


pio p 1 "7 pn pn 
C2o — C 1 / — C22 — C2 1 




-loo.l / (lo) 


pn P11 pn p, 1 
Cy — Cll — C12 — Ul 


110.4 (2) 


pit p 1 "7 pn pn 
C 1 6 — C 1 / — C22 — C2 1 




73.9 (2) 


pn p 1 1 pn XT'") 
Cy — Cll — C12 — JN2 


£7 a /"1\ 
-b2A (2) 


pio p 1 "7 pn pn 
C 1 0 — C 1 / — C22 — C2 1 




AH Q 

-4 /.o (Z) 


r^n mi n i pig 
C12 — JN2 — C13 — Clo 


1 c~7 no ( 1 o~\ 
— ID /.Uo (lo) 


r*n no p,i 
C31 — U3 — C2o — U2 




-1.8 (3) 


pn pii pi i 
C12 — JN2 — C13 — C14 


"7n o i n ) \ 
/U.O (2) 


pi 1 m pio p 1 "7 
C31 — U3 — C2o — CI / 




1 H£. m / 1 o\ 

1 /6.2U (lo) 


N2— C13— C14— C27 


48.48 (19) 


C16— C17— C28— 02 




-126.1 (2) 


C18— C13— C14— C27 


-77.27 (18) 


C18— C17— C28— 02 




-6.5 (3) 


N2— C13— C14— C15 


166.56 (15) 


C22— C17— C28— 02 




112.9 (2) 


C18— C13— C14— C15 


4U.8 (2) 


C16— C17— C28— 03 




56.U (2) 


N2— C13— C14— C8 


-75.39 (17) 


C18— C17— C28— 03 




175.59 (15) 


C18— C13— C14— C8 


158.86 (13) 


C22 — C 1 7 — C28 — 03 




-65.1 (2) 


Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H-A 


D-A 


D — H- 


C13— H13-02 


U.98 


2.40 


3.U29 (2) 


121 


C15— H15B-02' 


U.97 


2.57 


3.5U8 (3) 


163 


C31— H31B-01" 


U.96 


2.43 


3.357 (3) 


163 


Symmetry codes: (i) x-\,y, z; (ii) x 


•,>>-i,z. 
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Fig. 2 
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